Objective: The study objective was to determine whether air travel in the immediate postoperative period after anatomic pulmonary resection is associated with increased morbidity or mortality.
Recommendations regarding the safety and timing of air travel after lung resection have, to date, been based solely on theoretic concerns and expert opinion. The current study provides objective clinical data that show the safety of air travel after lung surgery is equivalent to traveling by conventional ground transportation. The basic criteria for dismissal can be applied similarly to both groups.
Pulmonary resections are the most common major procedure performed by general thoracic surgeons. 1 The timing of postoperative travel becomes an important consideration given concerns regarding air pressure changes encountered in flight even on modern aircraft with pressurized cabins. [2] [3] [4] [5] [6] [7] The most recent guidelines from the Aerospace Medical Association state that ''pneumothorax is an absolute contraindication to air travel'' and recommend air travel be delayed by 2 to 3 weeks after uncomplicated thoracic surgery. 8 However, patients increasingly are traveling long distances to obtain specialty care, including general thoracic surgical procedures. Patients often choose to travel these long distances by airplane with the hope of returning home promptly again by air travel after surgery.
It has been the practice at the Mayo Clinic to allow prompt return home after thoracic surgical procedures and dismissal from the hospital regardless of the mode of return transport, be it by ground or air travel. We sought to retrospectively examine a recent cohort of patients undergoing anatomic pulmonary resection to compare the outcomes according to their mode of return transport after dismissal from the hospital.
MATERIALS AND METHODS
Institutional review board approval was obtained a priori for this study, and only patients who had provided consent for inclusion in clinical studies were included in this investigation. We identified all patients undergoing anatomic pulmonary resection at the Mayo Clinic (Rochester, Minn) from 2005 to 2012 from a prospectively collected clinical database. Patients who died during their initial postoperative hospitalization were excluded, as were patients who were known to have died 30 days or more after hospital dismissal. We also investigated the cases of any patients who died within 30 days of dismissal from the hospital for cause of death to ascertain whether this was related to the mode of return transport.
All remaining patients, those assumed to be still alive since surgery, were sent survey questionnaires querying their mode of transportation after hospital dismissal by air or ground travel. The questionnaire also requested details regarding any complications encountered during or shortly after this travel, such as pneumonia, hospital readmission, deep venous thrombosis, or pulmonary embolism. It also asked about specific pleural complications, such as pneumothorax, empyema, or the requirement for further pleural drainage (Appendix E1). Returned questionnaires were tabulated and compared with records from the first postoperative visit. Equivocal responses were followed up by telephone interview. We also collected demographic data from the medical records, including age, sex, and distance traveled after hospital dismissal, as well as clinical data, including the percent predicted of forced expiratory volume in the first second (% FEV 1 ), percent predicted of diffusing capacity of the lungs for carbon monoxide (%DLCO), percent residual volume (%RV), surgical approach (open or video-assisted thoracic surgery), type of resection, and pertinent characteristics of the last chest radiograph obtained before hospital dismissal.
Descriptive statistics are reported as mean and standard deviation for continuous variables and as number (percentage) for discrete variables. Patient characteristics were compared between patients traveling by air and patients traveling by ground using a 2-sample t test for continuous variables and a chi-square test for discrete variables. Possible survey response bias was examined looking at the association of baseline patient characteristics with survey completion using logistic regression and response to the survey as the dependent variable in these models.
The association of mode of patient travel (air relative to ground) with the odds of a postdismissal major complication was assessed using logistic regression. Results are reported as odds ratio (OR) and 95% confidence interval (CI). Likewise, other patient characteristics were assessed for an association with a postdismissal major complication.
By using backward selection, a multiple variable model was identified to examine the association of transportation mode, sex, and %FEV 1 with the odds of a postdismissal major complication. Two variables, %DLCO and %RV, were not considered for inclusion in the multiple variable model because both variables were missing in more than 10% of the study patients. The alpha level was set at 0.05 for statistical significance.
We evaluated the data obtained to determine the rate of postoperative mortality and morbidity and used univariate and multivariable analyses to determine the factors associated with an increased risk of postoperative mortality and morbidity.
RESULTS
During the study period, 2494 patients underwent anatomic pulmonary resection ( Figure 1 ). A total of 661 patients (26.5%) died before the survey. Twelve patients (0.5%) died within 30 days after dismissal from hospital. None of these 12 patients used air travel after dismissal from hospital, and in none of the cases was death related to postdismissal travel.
Survey questionnaires were sent to 1833 patients. A total of 817 patients (44.6%) returned surveys and are included in the subsequent analysis. To assess for response bias, we compared the demographic characteristics of responders with those of nonresponders. Responders were older (65.6 vs 63.2 years; P<.0001) and more likely to have undergone a video-assisted thoracic surgery lung resection (18.3% vs 13.4%; P ¼ .004) than nonresponders. The distance from the Mayo Clinic to the responder's home was greater than for nonresponders (615 vs 415 km; P <.0001). Otherwise, there were no significant differences between the survey responders and eligible patients who did not respond to the survey.
Of the survey respondents, 721 (88.2%) traveled by ground and 96 (11.8%) traveled by air. In those traveling by air, 83 (86.5%) used commercial airlines and 13 (13.5%) returned home by private jet. Furthermore, the number of flights taken (segments of air travel) to return home was 1 for 50 patients (52.6%), 2 for 38 patients (40.0%), and 3 for 7 patients (7.4%); 2 patients (2.4%) did not report this information. The median distance to return home was 1783 km (range, 486-9684 km) for those traveling by air and 278 km (range, 1-2618 km) for those traveling by ground (P <.0001).
The patient demographic and clinical characteristics are detailed in Table 1 . There were only 2 significant differences between those traveling by air and ground. There was a higher proportion of men traveling by air compared with those traveling by ground (58.3% vs 46.0%, respectively; P < .024). Second, and predictably, those traveling by air traveled farther than those traveling by ground (median distance: 1783 vs 278 km, respectively; Abbreviations and Acronyms CI ¼ confidence interval %DLCO ¼ percent predicted of diffusing capacity of the lungs for carbon monoxide %FEV 1 ¼ percent predicted of forced expiratory volume in the first second OR ¼ odds ratio %RV ¼ percent predicted of residual volume P < .0001). There were no statistically significant differences in age, %FEV 1 , %DLCO, %RV, thoracoscopic or open approaches, extent of resections, predismissal chest radiograph characteristics, or length of stay. The interval between the predismissal chest radiograph and hospital dismissal was neither clinically nor statistically different at 1.2 days and 1.0 day for those traveling by air and ground, respectively, although the P value was .09. Specifically, 25% and 37% of patients traveling by air and ground, respectively, were sent home on the same day as their final chest radiograph, whereas 46% (air travel) and 42% (ground travel) were dismissed from the hospital on the day after their predismissal chest radiograph. Furthermore, in those traveling by air, the median interval from hospital dismissal to air travel was 2 days (range, 0-45 days). We noted that 37 respondents (4.5%) were dismissed from the hospital with a chest tube. All of these patients had their chest tube connected to a Heimlich 1-way valve, and all were traveling by ground. With regard to the pleural gap seen in patients with a pneumothorax on their chest radiograph before dismissal, the range for patients in the pleural gap greater than 1 cm category was 1 to 4 cm, with most being less than 2 to 3 cm.
There were 64 postdismissal major complications (7.8%) reported overall in the study cohort. Eight (8.3%) occurred in those traveling by air, and 56 (7.8%) occurred in those traveling by ground; there was no statistically significant difference between the 2 groups (P ¼ .872). By using the observed sample size in a post hoc power calculation, there was 80% power to detect an OR of 2.5 or greater.
Major complications reported included pneumonia, empyema, deep venous thrombosis, pulmonary embolism, severe dyspnea, chest tube site drainage, pneumothorax, severe pain, and major cardiac arrhythmia (Table 2 ). Rehospitalization occurred in 90 patients (11.0%) in the overall cohort, with 12 (12.5%) in those traveling by air and 78 (10.8%) in those traveling by ground (P ¼ .648). A chest tube was reinserted in 19 patients (2.3%), with 3 (3.1%) in those traveling by air and 16 (2.2%) in those graveling by ground (P ¼ .582). Of note, there was no overlap between the patients describing severe dyspnea and the patients who developed a pneumothorax after hospital dismissal.
Univariate analysis was performed to assess for risk factors associated with postdismissal major complications (not shown). Air travel to return home postdismissal was not associated with a significantly increased traveling by air and an increased risk of a postdismissal major complication (OR, 1.1; 95% CI, 0.5-2.5; P ¼ .78).
DISCUSSION
Current safety guidelines regarding air travel after lung surgery remain limited to ad hoc recommendations from individual commercial airlines and the more formal Aerospace Medical Association medical guidelines for air travel published in 2003. 8 Airline industry recommendations are varied but are, in general, fairly conservative. The Aerospace Medical Association guidelines cover a wide spectrum of issues related to aviation medicine with only a small section dealing directly with air travel after thoracic surgery or after experiencing a pneumothorax. In making the explicit statement that ''pneumothorax is an absolute contraindication to air travel'' and advocating for an interval of 2 to 3 weeks before air travel after thoracic surgery, the Association's guidelines task force has based its recommendations on expert opinion given the lack of published research in this field.
A wide variability of recommendations are currently seen within the clinical practice of thoracic surgeons. A recent survey of thoracic surgeons showed a high variability in their recommendations for travel after thoracic surgery. Respondents to this survey reported advising patients with a postoperative pneumothorax to avoid air travel for an average of 12 days, with the range of responses being 0 to 60 days. 6 Furthermore, 53% of respondents required resolution of any pneumothorax before allowing air travel in their postoperative patients.
The potential concerns regarding air travel after thoracic surgery relate to 3 main issues. First, for most flights, the actual cruising altitude ranges between 7000 and 14,000 m (20,000 and 40,000 ft). With pressurization, the airplane cabin becomes a hypobaric milieu during flight with the equivalent altitude range being 1500 to 2500 m (5000-8000 ft) above sea level. In accordance with Boyle's law, when air pressure is lowered, gases expand. This raises the concern about increasing the size and effect of a preexisting pneumothorax and subcutaneous emphysema. Second, the decreased cabin air pressure diminishes the partial pressure of oxygen (Dalton's law) and therefore can exacerbate hypoxemia. Third, there are concerns related to dehydration potentiating the risk of postoperative deep venous thrombosis because of low relative humidity in the airplane cabin. 2 In our study, we did not find a difference in overall major complications, rehospitalization, or need for chest tube placement for patients who returned home by air or ground transportation. Of note, the 2 groups were similar in all regards except that there was a higher proportion of men traveling by air and that those traveling by air traveled farther to return home after hospital dismissal. Specifically, there did not seem to be a significant difference in dismissal management for the 2 groups because there was no difference between those traveling by air and those traveling by ground in the overall length of stay or the interval from the predismissal chest radiograph to dismissal.
When looking at the specific major complications, there were no statistically significant differences between those traveling by air and ground. Nevertheless, it is worth noting that for pneumothorax and severe dyspnea, we observed a slight but not significant increased rate in those traveling by air. Our analysis also showed that the only factors associated with a statistically significant increased risk of major complications after hospital dismissal were male sex, decreasing %FEV 1 , and decreasing %DLCO. Of note, the extent of resection, the surgical approach, and the predismissal chest radiograph result were not associated with differences in postdismissal outcomes.
Study Limitations
Although limited by its retrospective nature, the favorable response rate of our study (44.6%) does provide us with a suitable cohort of patients to evaluate. The analysis of the data shows that the rate of major complications (8%) and rehospitalization (11%) in the immediate posthospital dismissal period is relatively low. Furthermore, air travel during this period was not associated with any significant increase in risk of complications when compared with conventional ground transportation. We also acknowledge a number of further limitations to our study. We relied on patient-reported outcomes during the perioperative period, which in some instances was up to 10 years previously. Also of note, this study does not apply to patients with a chest tube and Heimlich valve in place at the time of air travel, because none of the patients included in the study underwent these conditions. Patients who were deceased at the time of the study were not included, and it is possible that some patients developed a postoperative or travel-related complication that led to death more than 30 days after discharge.
CONCLUSIONS
These findings support our current practice of allowing patients to return home by air travel after pulmonary resection using the same criteria that is used for patients who are traveling by ground transportation. These include chest tube removal after absence of ongoing air leak and output less than 300 mL over 24 hours, adequate pain management with oral analgesia, an active ambulation schedule evaluated and monitored by the unit-based respiratory therapist, and evaluation for our postoperative inpatient pulmonary rehabilitation program that they receive on the nursing unit if appropriate.
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